Seventeen flavonoids isolated from the extracts of the stem of Entada phaseoloides were investigated for their anticomplement (both classic and alternative pathways) and antimicrobial activities against Gram-positive bacteria (MRSA, MSSA, Standard Enterococcus and Bacillus subtilis), Gram-negative bacteria (Escherichia coli, Pseudomonas aeuroginosa) and the yeast-like pathogenic fungus Candida albicans. The anticomplement studies revealed a dose-dependent activity among isolated quercetin, luteolin, apigenin, galangin, 5,2',5'-trihydroxy-3,7,4'-trimethoxyflavone-2'-O-β-D-glucoside (+)-3,3',5',5,7pentahydroflavanone, (+)-dihydrokaempferol, (-)-epicatechin, (+)-catechin, naringenin, and 5,7,3',5'-tetrahydroxyflavanone, and the antimicrobial results indicated that quercetin, 5,7,4'-trihydroxy-3'-methoxyflavonol and galangin produced the inhibitory activities against MRSA, MSSA, and Standard Enterococcus, while luteolin and rhamnocitrin displayed inhibition against only MRSA and MSSA. To the best of our knowledge, this is the first report that describes the anticomplement and antimicrobial activities of the stem of E. phaseoloides.
The objectives of this study were to investigate the anticomplement and antimicrobial activities of the stem of E. phaseoloides. The invertebrate complement system can be activated by a cascade mechanism of the classical pathway (CP), the alternative pathway (AP), or the mannan binding lectin/MBL-associated serine protease (MBL/MASP) pathway. The system consists of at least 19 proteins, which are preactivated enzymatically, via either the CP or the AP in a multi-step cascade reaction [14] . In the present study, complement hemolysis assays were used to evaluate the anticomplement activities of all samples. In addition, these samples were tested for in vitro inhibitory activity against the standard strains of methicillin-resistant Staphylococcus aureus (MRSA), methicillin sensitive Staphylococcus aureus (MSSA), Bacillus subtilis, Standard Enterococcus (Gram-positive bacteria), Escherichia coli, Pseudomonas aeuroginosa (Gram-negative bacteria) and the yeastlike pathogenic fungus Candida albicans.
As shown in Tables 1 and 2, the ethyl acetate fraction presented the best anticomplement activity, with the CP 50 0.406±0.030 mg/mL and AP 50 0.575±0.054 mg/mL and the best antimicrobial effects against MRSA, MSSA and Standard Enterococcus. This fraction was therefore further fractionated by the column chromatography to afford individual pure compounds.
As a result, 17 flavonoids were isolated from the ethyl acetate fraction: 7,3,4'-trimethylquercetin (1) [15] , 5-hydroxy-3,4',7trimethoxyflavone (2) [16] , quercetin (3) [17] , luteolin (4) [18] , apigenin (5) [19] , rhamnocitrin (6) [20] , 5,7,4'-trihydroxy-3'methoxyflavonol (7) [21] , galangin (8) [22] , rutin (9), 5,2',5'trihydroxy-3,7,4'-trimethoxyflavone-2'-O-β-D-glucoside (10) [23] , (+)-3,3',5',5,7-pentahydroflavanone (11), (+)-dihydrokaempferol (12) [24] , (-)-epicatechin (13) [25] , (+)-catechin (14) [26] , naringenin (15) [27] , 5,7,3',5'-tetrahydroxyflavanone (16) [28] , and 3-deoxysappanchalcone (17) [29] . These flavonoids were confirmed by comparing their HPLC, HPTLC and characteristic spectroscopic data with their respective standards or those previously reported in the literature. Their chemical structures were shown in Figure 1 . All of these compounds were isolated from Entadae Caulis for the first time [30] . less active than the positive control. Compound 8 was found to be the most active of the seventeen flavonoids, with a CP 50 value of 0.273±0.008 mg/mL and AP 50 0.375±0.014 mg/mL. Compounds 3, 11, 12, 13 and 14 had mild anticomplement activity whereas 4 and 5 had weaker activity than compounds 3 and 8. These results suggest that the number of hydroxyl group on the B-ring of 5,7dihydroxyflavone might play an important role in structure-activity relationships. It seemed that the inhibitory potencies against the complement system were enhanced with the increasing number of hydroxyl groups (R 1 , R 2 and R 3 = OH) on the B-ring of 5,7dihydroxyflavone. Substitution with a hydroxyl group at C-3 (R 4 = OH) also enhanced the anticomplement activity, which is consistent with the findings revealed in some acylated flavonol glucosides with anticomplement properties obtained from Magnolia fargesii [31] and Persicaria lapathifolia [32] .
Compounds 14, 15 and 16 possessed weaker anticomplement activity than their respective analogues where a double bond is present between C-2 and C-3. The reduced anticomplement activity of compounds 1, 2, 17 and 10 is probably due to the presence of the hydroxymethyl group in the rings. We also observed no anticomplement activity from compound 9 upon glycosylation, consistent with that of flavonoids from Gnaphalium affine D. Don [33] . 0.083±0.020 0.162±0.018 a) EE: ethanolic extract, EAF: ethyl acetate fraction, BTF: n-butanol fraction, WF: water fraction. b) heparin sodium: positive control. c) CP 50 : 50% inhibitory concentration from complement-dependent hemolysis of the control. d) AP 50 : 50% inhibitory concentration from complement-dependent hemolysis of the control. Table 2 : Antimicrobial activity of ethanolic extract and three fractions from the stem of E. phaseoloides.
Samples a)
Inhibition Zone (diameter in cm) MRSA MSSA Bacillus subtilis
Standard Enterococcus

Escherichia coli
Pseudomonas aeuroginosa
2.6 2.3 2.6 1.9 2.1 2.6 2.7 a) EE: ethanolic extract, EAF: ethyl acetate fraction, BTF: n-butanol fraction, WF: water fraction b) -: Not active c) positive controls: ampicillin for Gram positive bacteria, gentamycin for Gram negative bacteria, amphoterincin B for C. albicans Table 3 : Anticomplement activity of the compounds from the stem of E. phaseoloides (mean±SD n=3).
Compounds
CP 50 a) (mg/mL) 0.078±0.003 0.181±0.007 a) CP 50 : 50% inhibitory concentration from complement-dependent hemolysis of the control. b) AP 50 : 50% inhibitory concentration from complement-dependent hemolysis of the control. c) -: not active (＞5 mg/mL). d) heparin sodium: positive control. Compounds 8, 10, 11, 12, 14, 15 and 16 were tested for the first time for their anticomplement activities and found to be active. In addition, compound 3 demonstrated the best anticomplement activity through both CP (CP 50 0.382±0.014 mg/mL) and AP (AP 50 0.457±0.008 mg/mL) pathways. Previously, compound 3, isolated from black colored rice bran, showed anticomplement activity through the classic pathway, and a CP 50 value of 431±61.2 µg/mL [34] . However, its anticomplement activity through the alternative pathway has not been reported.
We have confirmed the anticomplement activities of compound 4, which was previously found to be a potential anticomplementary agent with CP 50 and AP 50 values of 0.19 and 0.17 mM, respectively. Compound 5 was shown to have anticomplement activities with CP 50 and AP 50 values of 3.4±0.06 mM and 2.02±0.02 mM, respectively [35] . Our results reported here are similar.
The primary antimicrobial screening was carried out using the agar disc-diffusion method. The results were tabulated in Table 4 . Table 5 . In general, our results are in line with those findings in the literature. Specifically, five flavonoids, 3, 4, 6, 7 and 8, were observed to be active against Gram-positive bacteria but none against Gram-negative bacteria or yeast-like pathogenic fungus. However these activities were only modest. Compound 7 was revealed to inhibit MRSA and MSSA for the first time, although its activity was weak. In addition to Staphylococcus aureus strains, compound 3 has been previously reported to have significant antibacterial activity against Sarcina maxima, Micrococcus kristinae, Klebsiella pneumoniae and Aspergillus flavus [36] , as well as Helicobacter pylori [37] . The antimicrobial activity of compound 4 against MRSA and MSSA has been shown to decrease the production or secretion of α-toxin in S. aureus. The reduced production may be dependent, in part, upon the luteolin-induced inhibition of the agr locus [38] . Moreover, compound 4 was reportedly to exhibit excellent activity against Mycobacterium smegmatis, and Mycobacterium tuberculosis [39] . Compound 6 was demonstrated to have good antimicrobial activity against both types of S. aureus, and this compound has been found to inhibit S. aureus, Vibrio cholerae, Enterococcus faecalis, Micrococcus luteus and Shigella sonei [40] [41] . Similarly, compound 8 has been known to display good antimicrobial activity against five Gram-positive bacteria (S. aureus, S. epidermidis, Micrococcus luteus, Enterococcus faecali and Bacillus cereus) and four Gram-negative bacteria (Proteus mirabilis, E.coli, Pseudomonas aeruginosa and Salmonella typhimurium). B. cereus and P. mirabilis were the most sensitive microorganisms [42] .
Our studies have clearly demonstrated that flavonoids from the stem of E. phaseoloides have modest anticomplement activities and compound 8 is the best. This herb could provide natural anticomplement medicinal benefits to promote human health and prevent complement-related diseases. Meanwhile, some of the flavonoids in Entadae Caulis do have antimicrobial activities. Further in vivo anticomplement and antimicrobial activities should be evaluated to support its clinical application.
Experimental
HPLC conditions:
The HPLC analyses for compound 9 was performed using an Agilent 1200 series HPLC chromatograph with diode-array detector. An ODS-2 Hypersil Thermo column (250×4.6 mm, 5 µm ) was used. The mobile phase was methanol(A) and water(B) system. The gradient elution profile was: A:B = 45:55 (v/v). The flow rate was 1 mL/min, the column temperature was 35 and the injection volume was 10 µl. The UV detector was set at 260 nm. The retention time of compound 9 was 4.026 min. ethanolic extract (EE) was suspended in water then partitioned into the ethyl acetate fraction (EAF), the n-butanol fraction (BTF) and the remaining water-soluble fraction (WF). EAF which showed the best anticomplement and antimicrobial activities was taken for further fractionation and isolation of individual compounds.
Material
Isolation of Compounds:
The ethyl acetate fraction (500 g) was separated by repeated silica gel column chromatography (column, 12.0 × 120 cm), eluted with a gradient system of chloroform and methanol (from 100% chloroform to 60% chloroform) and Sephadex LH-20 column (2.5 × 70 cm) eluted with methanol to afford seventeen flavonoids: compound 1 (15 mg), 2 (17 mg), 3 (56 mg), 4 (43 mg), 5 (22 mg), 6 (10 mg), 7 (245 mg), 8 (11 mg), 9 (10 mg), 10 (3 mg), 11 (16 mg), 12 (14 mg), 13 (30 mg), 14 (32 mg), 15 (14 mg), 16 (45 mg) and 17 (25 mg) .
Anti-complementary Activity through the Classical Pathway:
Based on Mayers' modified method [43] , sensitized erythrocytes were prepared by incubation of sheep erythrocytes with rabbit antisheep erythrocyte antibody in GVB 2+ (Veronal buffer saline containing 0.1% gelatin, 0.5 mM Mg 2+ and 0.15 mM Ca 2+ [44] ). The compounds and heparin sodium (positive control) were dissolved in GVB 2+ . Guinea pigs serum was used as the complement source. The 1:40 diluted guinea pigs serum was chosen to give sub maximal lysis in the absence of complement inhibitors. In brief, various dilutions of tested samples (100 μL) were pre-incubated with 100 μL guinea pigs serum and 200 μL GVB 2+ at 37℃ for 10 min. Then, 200 μL sensitized erythrocytes was added and the mixture was incubated at 37℃ for 30 min. The different assay controls were incubated in the same conditions: (1) all blanks, 100 μL guinea pigs serum (1:40) and 200 μL sensitized erythrocytes in 300 μL GVB 2+ ; (2) 100% lysis, 200 μL sensitized erythrocytes in 400 μL water; (3) sample control, 100 μL dilution of each sample in 500 μL GVB 2+ . The reaction mixture was centrifuged immediately. Optical density of the supernatant was measured at 405 nm with a spectrophotometer (THERMO, Varioskan Flash). Subtract sample control absorbance from each value to obtain corrected absorbance and the percent inhibition was calculated.
Anti-complementary Activity through the Alternative Pathway:
According to the method of Klerx et al. [45] , each sample was dissolved in GVB-Mg-EGTA (Veronal buffer saline containing 0.1% gelatin, 2.5 mM Mg 2+ and 8 mM EGTA [43] ), and various dilutions of which were made. After preincubation of dilutions of each sample (150 μL) with 1:10 diluted normal human serum (150 μL) at 37℃ for 10 min, 200 μL rabbit erythrocytes were added. Following a second incubation step at 37℃ for 30 min, cell lysis was determined as classical pathway analysis. Controls for all banks, 100% lysis and sample control were included. [46] [47] : The experimental design was carried out with ethanolic extract, three fractions and seventeen flavonoids from the stem of E. phaseoloides × seven text bacterial strains × three replicates (21×7×3). The positive controls were ampicillin for Gram-positive bacteria, gentamycin for Gram-negative bacteria, amphoterincin B for C. albicans and the negative control was sterile distilled water. The antimicrobial effect of all the samples was determined in Petri dishes with 20 mL of nutrient agar plus 0.2 mL of microorganism suspension (10 8 CUF/mL, O.D 0.1, λ=590 nm). Once the agar had solidified, 200 µL of each sample and sterile distilled water (negative control) was added to wells of 3 mm diameter. The plates were incubated at 37℃ for 24 h, and then the inhibited halos were evaluated (mm). The experiment was repeated three times and the antibacterial effect was determined by measure of inhibited halos formed around the wells.
Determination of Antibacterial Activity by the Agar Disc-Diffusion Method
Determination of Minimal Inhibitory Concentration (MIC):
The broth micro-dilution method with modifications was used [48] . Compound 3, 8, 13, 18 and positive controls were dissolved in dimethylsulphoxide at a concentration of 1000 µg/mL. Twofold serial dilutions of the solution were then prepared (1000, 500, 250, …, 1.95 µg/mL). Inoculated nutrient broth with 1% text bacteria strains (10 8 CUF/mL, O.D 0.1, λ=590 nm) was prepared. 10 concentrations of each sample × three text bacterial strains × three wells as repetitions were carried out in the sterile round-bottom 96well plates with non-inoculated nutrient broth and inoculated nutrient broth as negative and positive controls. In each well, 0.9 mL inoculated nutrient broth plus 0.1 mL sample. Plates were incubated at 37℃ for 24 h. The MIC values were determined as the lowest concentration that completely inhibited visible growth of the bacterial as detected by unaided eye.
